Experimental study was performed to investigate the effect of crack on chloride content due to penetration of salty water through the crack under exposure test that consists of cycles of rain of salty water and dry. Twelve reinforced concrete specimens were made of concrete of 0.40 water-cement ratio and reinforced with one steel bar of D19 in the center; eight for measuring chloride ion content and corrosion of reinforcing bar, and the others for investigating water content. Water content was detected by measuring the electrical resistance between stainless steel rods installed before casting in the specimens. These specimens were cracked in a direction normal to their longitudinal axis at the center of their span. Various coating conditions were applied to the specimens to distinguish chloride ion penetrated through crack.
INTRODUCTION
Cracks in concrete accelerate the deterioration of reinforced concrete structures, since they facilitate ingression of chloride ion carried by water rain and wind into concrete. As a result, chloride ion content increases, and finally leads to corrosion of reinforcing steel bar. Most researches, related to chloride ingress in concrete, assumed that concrete is perfect and free from cracks. Very few studies have considered cracks effect on diffusion of chloride ion. For example, in Qing (2002) [1] , chloride ingress in concrete under different loading or cracking conditions, was examined under natural salty spray in a large corrosive environmental chamber, in which, specimens were subjected to alternative wetting and drying periods. He focused only on determining the initiation time of reinforcement corrosion in concrete structural members based on increasing of chloride ions concentration up to threshold for corrosion onset. Garces and Doug (2003) [2] have investigated chloride content for cracked and uncracked samples that were exposed to a 40-day chloride bulk diffusion test. Thus, chloride ingress was under almost steady state condition, where specimens were fully submerged. Although, this exposure condition is not realistic in most of reinforced concrete structure in practice, but it is valid only for comparison purposes. It is very clear that limited information is still available on the influence of cracks on the chloride ion penetration into concrete. Therefore, In this study, the effects of cracks on penetration of salty water as well as chloride ion were experimentally investigated and discussed, considering water and chloride ion content distribution along the depth of reinforced concrete specimens subjected to cycles of wetting (salty rains) and drying, in large corrosive environmental chamber.
2.
OUTLINE OF EXPERIMENT
Materials
In this study, ordinary Portland cement was used to cast concrete mix of 0.40 water-cement ratio. Proportions of concrete mix are illustrated in Table 1 .
Coarse aggregate was a crushed stone with maximum nominal size of 40mm, specific gravity of 2.62-kg/m3 and fineness modulus of 7.20. The fine aggregate was crushed sand with specific gravity of 2.58-kg/m3 and fineness modulus of 2.94. The concrete compression, splitting tension strength and modulus of elasticity at age of 28 days were 57.7, 6.3 N/mm2 and 45.7 kN/mm2, respectively. Deformed steel bar D19 of 19 mm in nominal diameter and 345 N/mm2 in nominal yield strength was used as reinforcement.
2.2
Specimens' configurations The experimental work consists of twelve reinforced concrete specimens of dimensions of 150x200x900 mm that reinforced with deformed steel bar of D19 coincided with longitudinal axis of the specimen, as shown in Figure 1 . Four specimens were used to investigate water content, and the other eight specimens to measure chloride content. In the centre of span, the cross section of the specimen was reduced to 130x200 mm by the making two groves (5x10 mm) resulted from Page 3 especial preparation in the mold before casting. The reduction in the cross section directed crack location to be in the centre of the span in each specimen. For specimens specified for measuring water content, stainless steel rods of 2.00 mm in diameter were installed, before casting, crossing horizontally the specimen cross section. The stainless steel rods were arranged vertically in three zones; at crack, near-crack zone and non-cracked zone at horizontal distances of 0, 40 and 225mm from the span centre of specimen. The number of stainless steel rods and vertical spacing in-between are shown in Figure 1(b) . The top surface during casting is the same top surface exposed to salty rain. In casting, concrete was placed in the molds with amount exceeded the volume of the mold, and then covered with well-attached plastic sheets to reduce water evaporation. After one hour of casting, finishing of top concrete surface was carried out with respect to the cross section dimension of the specimen, and then specimens were covered again with plastic sheets under wetted sackcloth. One day later, specimens were demolded, and then cured under wetted sackcloth for one week in room temperature.
2.3
Generating of cracks After 28 days, contact chips were fixed on both side A and side B, the two longitudinal vertical sides, to measure upper, middle and lower crack widths at depths of 20,100,180 mm, respectively, as shown in Figure 2 . In order to develop crack in the center of the span, four loading points were applied to initiate cracks starting from sides A then B, in the grooves, as shown in Figure 3 . Thereafter, axial tension load, under displacement control, was applied to the both end of the reinforcing steel bar to connect the two bending cracks forming one unique crack. Displacement (load) was increased to widen the developed crack width till reaching average crack widths in range of 0.25 to 0.30mm. Displacement (not load) had kept constant until non-shrinkage mortar was injected and hardened in the grooves. Precautions were considered to prevent penetrating of mortar inside crack. Load was released after a period, which was enough for the mortar to gain hardening degree that was sufficient to keep the crack width almost constant. This period was adopted based on preliminary test, in which time dependence of the mechanical behaviour of non-shrinkage mortar was verified. 
2.4
Coating conditions Figure 4 shows the four sealing patterns used in this study as well as the assigned specimens for each pattern. NC1, NC2, NC3 and NC4 were specified for studying water content, while the others NC5 to NC12 for studying chloride content. In order to model the case of wide concrete area like slab and concrete pavement, all the vertical sides of the specimens were coated using watertight materials (three layers of primer and three layers of epoxy). In order to distinguish cracking effect on water and chloride penetrations, the top surface was coated in two patterns, except at the crack to allow penetrations through crack surface only. Bottom surface was coated to prevent evaporating of water through this surface. Coating the bottom surface would simulate the case of concrete pavement over asphalt layer and/or some indoor coating. However, at the bottom of the crack, drainage could exist in some circumstances, such as cracking the indoor coating and concrete pavement over substrata of rocks.
2.5
Measuring electrical resistance Concrete conductivity increase with increasing water content. Therefore, in the specimens related to water content measurements, electrical resistance was measured between every two consequent stainless steel rods in a direction normal to the axis of the specimen, as shown in Figure 5 . The depths of stainless steel rods were 5, 45, 85, 115, 155 and 195mm that represent measuring zones at the averages depths of 25, 65, 100, 135 and 175mm, respectively. Consequently, the electrical resistance profile along the depth could be drawn. LCR Hi-tester (1.0 kHz and 1.0 volt of AC) connected to a computer system was used to measure and record the electrical resistance with time during the experiment period at pre-set intervals. As shown in Figure 5 , the 30 and 40 mm were used as spacing between the rods. Therefore the electrical resistance was divided over the distance in-between the measured rods to eliminate the effect of the different rods spacing. Stainless steel rods as well as the wires were perfectly isolated from water using epoxy, to ensure that the measured electrical resistance is that measured through the concrete. 
Adjusting initial moisture condition and Exposure test
After 55 days, all the specimens were moved to the environmental room in which exposure test will be carried out, under totally controlled environmental conditions of 40℃ in temperature, and 60% in relative humidity. In order to get an initial saturation condition before starting exposure test, all the specimens were submerged in a tank containing water without adding NaCl. The electrical resistance was monitored during this period, where it was decreasing with time. After about four days the decreasing rate became negligible, and the electric resistance became almost constant for about three days. Therefore, it could be assumed that after a total submerging period of about eight days, the specimens became fully saturated of water, where the increase in water content became almost negligible.
After reaching full saturation condition, specimens were kept to dry in the environmental room for seven days, before starting exposure test. The exposure test, as shown in Figure 6 , consists of cycles of salty rain (3.0% NaCl) for one day followed by drying for seven days with a total period of seven days per cycle. Temperature was adjusted to be 40℃. Meanwhile, humidity was controlled to be 60%RH during drying period only, where it increased to almost 95% due to rain. Electrical resistances for the all the specimens were automatically recorded. This exposure test simulates an extremely aggressive environment with respect to corrosion, where, this study is a part of a project, which also covers investigating the resultant corrosion of reinforcing steel bar.
2.7
Chloride concentration in cracked section After 45th and 95th cycle in exposure test, chloride ion contents were measured by means of colorimeter according to JCI-SC5 [3] . Figure 7 shows sampling locations. At crack, samples were collected by drilling holes in the concrete to a distance of 10mm from the crack surface, in the direction of the longitudinal axis of the specimen. Chloride adhered to the crack surface was wiped off by ethanol before the samples were collected. In non-cracked area, samples were collected from 10, 25, 55 and 100mm in depth measured from the top concrete surface [4] . 
RESULTS AND DISCUSSIONS

3.1
Electrical resistance before beginning exposure test Distribution of electrical resistance after submerging in water for 8 days is presented in Figure 8 . Therefore the electrical resistance is divided over the distance in-between the measured rods to eliminate the effect of the different rods spacing. As shown in figure, despite the difference in coating condition, electrical resistance tends to increase with increasing the distance from the top concrete surface. This may indicate decreasing water content with depth, which implies smaller pore size along casting direction due to segregation.
Distribution of electrical resistance during drying for 7 days after above-mentioned submerging is also illustrated. During drying, water content decreased due to evaporation of water and the electrical resistance increased. From this figure, electrical resistances at nearand non-cracked zone for all specimens were almost similar. In case of un-drainage (NC1 and NC2), upside electrical resistance is lager than the other lowers. Meanwhile, in the case of drainage (NC3 and NC4), upside and downside electrical resistance is lager than middle one; in particular, downside one is the same or lager than un-drainage. This reflects that rain-dry repetition is run remarkably on downside of drainage specimen. 
3.2
Variation of electrical resistance during cycle of rain of salty water and dry Figure 9 shows variation of electrical resistance in 131st cycle. At near-and non-cracked zone of sealed specimens (NC2 and NC4), upside electrical resistance is larger than those of the others (NC1 and NC3), thereby, it would be expected that the top-level concrete is more porous than the bottle-level concrete relatively due to bleeding and an effect of drying is higher than water absorption in raining period. In the case of exposed specimens (NC1 and NC3), there is no theorem at non-cracked zone but upside electrical resistance at near-cracked zone is lager than those of the others.
Downside electrical resistance at crack of drainage specimens (NC3 and NC4) decreased gradually after several hours in raining period. This reduction owned to supply of water. On the other hand, variation of electrical resistance for un-drainage specimens (NC1 and NC2) Gaps under steel due to corrosion was negligible. As a result, this reflects that the variation of upside electrical resistance is affected by raining and it of downside electrical resistance is affected by humid. In 133rd cycle, as shown in photo 1, chloride distribution at under surface was uneven, that is, existence of water path at crack was observed definitely. Additionally, from the result of small electrical resistance at middle-level of crack zone, this zone is quite humid as the change would be practically nought although water penetrates into crack. This resulted from the presences of conical cracks that exist near the crack surface around the steel bar, in addition to, gaps under the horizontally oriented steel bars form due to blocking of bleeding, as shown in figure. 10 [5] . Consequently, this implies that both rain and humid hardly affect and evaporation makes progress gradually.
3.3
Chloride ion content due to chloride diffusion through crack Figure 11 shows chloride ion content profile for samples at 10 mm depth measured from crack surface and non-cracked surface both 45th and 95th cycle, in addition to, samples adjacent to the steel bar at the same time. As shown in figure, it was found that chloride content increased in all measured points at crack zone as cycle was progressed, especially downside one. In this case of drainage, electrical resistance increased due to humid from outside into crack regardless of whether or not top surface is sealed, from here onwards, existence of water path at crack was observed as mentioned before. And then variation of its electrical resistance was large. Consequently it could be explained that rain-dry period is run remarkably and chloride concentration from humid include salt induce increase of chloride content.
Chloride contents adjacent to steel bar were remarkably larger than chloride contents in concrete at the same depth but not adjacent to steel bar. This resulted from the presence of conical cracks that exist near the crack surface around the steel bar, in addition to, gaps under the horizontally oriented steel bars form due to blocking of bleeding, as shown in Figure10.
In order to verify the validity of calculating total chloride content in crack as a summation of chloride diffusion from top concrete surface and that through crack surface, Figure 12 shows comparison between chloride diffusion through crack surface directly measured in sealed specimens, and that resulted from subtracting chloride content in non-cracked concrete from that at crack in exposed specimens in 45th cycle. From this figure, it is shown that chloride content resulted from the computation in exposed specimens, do not match or even close to that measured directly in sealed specimens, respectively. Regarding the subtracting chloride content, it would be expected that effect of chloride penetration from top surface is significant and concentration difference for driving force of diffusion becomes small, hence chloride content from crack surface into concrete became small. As a result, using principle of super position is not valid in case of chloride diffusion from top concrete surface and through crack. 
3.4
Corrosion degree Corrosion degree was evaluated by corroded area ratio to whole surface area of reinforcing bar severed 10 cm with a central focus on crack Corroded area measured in each specimen in 45th and 95th cycle by Image Analysis of a digital photo is shown in figure 13 , in which its ratio is also shown. As shown in figure, corroded area progressed as cycle advances, in particular, corroded area ratio of under surface of reinforcing bar was higher than it of top surface. It was founded that corroded area ratios of exposed specimens were lower than those of sealed specimens, especially it of exposed and drainage specimen. In the case of this specimen, chloride content at crack and adjacent to steel bar were small because water content penetrating to bottom-level cracked zone was extremely small amount. In addition, it could be expected that oxygen would be provided remarkably during drying period for drainage; on the other hand, oxygen would be provided a little because any substance moves only upside of cracked zone for un-drainage. That is, in the case of exposed and drainage specimen, it could be explained that supply of water and oxygen, which is essential that steel is corroded, is small amount compared to the specimens sealed other conditions, therefore, corroded area ratios of exposed and drainage specimen was very low. 
CONCLUSIONS
From this study the following conclusions could be drawn: − In 134th cycle, chloride distribution at under surface was uneven, that is, existence of water path at crack was observed definitely. Additionally, from the result of small electrical resistance at middle-level, this zone is quite humid as the change would be practically nought although water flows below in crack zone. − This reflects that the variation of upside electrical resistance is affected by raining and it of downside electrical resistance is affected by humid. − It was found that chloride content increased in all measured points of cracked zone as cycle was progressed, especially downside one. − Chloride contents adjacent to steel bar were remarkably larger than chloride contents in concrete at the same depth but not adjacent to steel bar. This resulted from the presence of conical cracks that exist near the crack surface around the steel bar, in addition to, gaps under the horizontally oriented steel bars form due to blocking of bleeding. − Principle of superposition is not valid to compute chloride content at the crack as a summation of chloride ion diffuses through upper concrete surface and that diffuses through the crack surface. − Corroded area ratios of exposed and drainage specimens were very low. It could be explained that supply of water and oxygen, which is essential that steel is corroded, is small amount compared to the specimens sealed other conditions.
